ABSTRACT This study was conducted to evaluate the effect of in ovo feeding of cationic amino acids on hatchability, hatch weights, and organ developments in pigeon squabs. Two experiments were conducted in this study. Eggs in Exp. 1 were subjected to modification of in ovo feeding in pigeons. Optimal time was determined by checking amniotic fluid volume, and suitable length was confirmed through ink injection. Results showed that the optimum time of in ovo feeding was on d 13 of embryonic development, and the suitable injected length was 20 mm to reach the amniotic cavity of the embryo. Eggs in Exp. 2 were transferred to access in ovo feeding of cationic amino acids. A total of 75 fertile pigeon eggs was randomly distributed into 5 treatments of 15 replicate eggs. Treatments in Exp. 2 consisted of non-injected controls (Control), a sterile buffered solution (0.75% saline), or a cationic amino acid mixture (> 98.5% purity crystalline L-arginine, > 98% purity crystalline L-lysine, and > 98.5% purity L-histidine) containing 0.1, 1, or 10% concentration (Conc.), which were relative to their total content in the eggs, respectively. The crystalline amino acids were dissolved in 200 μL buffered solution prior to in ovo feeding. After hatching, hatch weight (HW) and organ weight (OW) of the squabs were measured immediately. In ovo feeding of cationic amino acids increased the proportions of yolk-free hatch weight to hatch weight (YFHW/HW) (quadratic P = 0.01), and those of OW to YFHW including the heart (quadratic P = 0.01), kidney (quadratic P < 0.01), and liver (quadratic P = 0.02) compared to the control group, and the levels of those ratios were maximized in the 1% Conc group. Also, a proportion of small intestine weight to YFHW improved (linear P = 0.02, quadratic P = 0.05) after in ovo feeding. The organ weight of the head, leg, heart, lung, kidney, proventriculus, pancreas, liver, and small intestine correlated with YFHW positively (0.4 < correlation coefficient < 0.8, P < 0.05). In conclusion, cationic amino acids injection into amnion can improve the embryonic development, which may be mediated by the increment of relative organ weight.
INTRODUCTION
The embryonic growth and development in poultry not only directly affect the embryonic quality and hatchability, but also affect the ontogeny of the young after hatch (Chen et al., 2015) . Unlike mammals, the growth and development of avian embryos and hatchlings during incubation are dependent on the defined nutrient deposits in the fertile egg (Uni et al., 2012) . In contrast to precocial poultry, pigeon squabs are typical altricial birds, which are hatched with closed eyes and few feathers, and fed with pigeon milk by parental pigeons for a few d after hatch (Sales and Janssens, 2003) . However, there is limited information available on the development of the embryo and organs in this species.
In ovo feeding is a developed method of in ovo nutrient administration, which refers to the delivery of nutrients to the developing embryo through the amniotic sac at a late stage of embryonic development (Uni and Ferket, 2003) . Towards hatch, the pre-hatch embryos start to swallow the amniotic fluids orally, and in ovo feeding could deliver the nutrients into the intestine of embryos for effective utilization (Kadam et al., 2013) . Previous studies found that in ovo feeding of a carbohydrate solution could increase the yolk sac nutrient utilization and pigeon enteric development with respect to uninjected embryos (Dong et al., 2013a) and improve intestinal digestive and absorption capacity more than the conventional hatchling (Dong et al., 2013b) . In ovo feeding may serve as a effective tool to improve the embryo development in oviparous species. However, few studies of in ovo feeding of other nutrients have been carried out in this species.
It is reported that the egg possesses an excess of fat and moisture but not of protein (Al-Murrani, 1978) . During late-term incubation, muscle protein is degraded by gluconeogensis to maintain the glucose homeostasis (Muramatsu et al., 1987; Uni et al., 2005) , and embryonic growth is greatly influenced by egg protein content, but not by the space in the eggshell (Al-Murrani, 1982) . Herein, great efforts have been made to enhance supplementation of amino acids and promote higher protein synthesis by in ovo administration of amino acids into egg directly (Bhanja and Mandal, 2005; Kadam et al., 2008) . Cationic amino acids, including arginine, lysine, and histidine, are considered as nutritionally essential in poultry and play a important role in protein synthesis, signal transduction, and cell metabolism ( Van-Sluijters et al., 2000; Wu, 2009) . Numerous investigations in precocial poultry (Foye et al., 2007; Tangara et al., 2010; Al-Daraji et al., 2012; Tahmasebi and Toghyani, 2015) found that in ovo feeding of amino acids could accelerate hatching weight, improve growth performance, and enhance nutritional status. However, the effects of in ovo feeding of amino acids on embryo development have not been determined in young pigeons up to now.
Accordingly, the aim of the study was to evaluate the effects of in ovo feeding of cationic amino acids on hatchability, hatching weight, and organ developments in domestic pigeon squabs.
MATERIALS AND METHODS
The experimental protocols applied in this study were complied with the Chinese guidelines for animal welfare and approved by the Animal Care and Use Committee of Animal Science College of Zhejiang University.
Experimental Design, Birds, and Incubation
Standard fertile pigeon eggs (17.0 ± 2.0 g, n = 100) were collected from a commercial pigeon farm, Baixiang Pigeon Breeding Co. Ltd (Fuyang, Zhejiang, China). These eggs were transferred into an incubator (Model ZF440, Zhengda Incubation Equipment Co. Ltd., Dezhou, China) within 24 h of lay under optimal incubation conditions (38.1
• C and 55% RH). The incubator was disinfected with ultraviolet light, and eggs in it were turned every 2 hours. Distilled water was added to a tank in the incubator 2 times daily by hand. On d 6 of embryonic development, eggs were candled with a lamp, and those unfertilized or containing dead embryos were removed from the incubator. The remaining eggs with viable embryos (n = 85) were marked with a soft-lead pencil. In Exp. 1, 10 eggs were sacrificed for the modification of in ovo feeding in pigeon eggs. In Exp. 2, a total of 75 fertile eggs was randomly distributed into 5 treatments of 15 replicate eggs to access in ovo feeding of cationic amino acids. Fifteen eggs per treatment were placed within one of 3 trays, such that each treatment was equally distributed within the incubator.
Modification of In Ovo Feeding in Pigeon Eggs
A preliminary study of in ovo feeding in pigeon eggs was conducted in accordance with a patent reported by Uni and Ferket (2003) . Optimum time of feeding was determined with modifications of Salahi et al. (2011) and Dong et al. (2013a) . Briefly, on d 12 and 13 of embryonic development, fertilized eggs were cracked carefully from the air cavity with sterile tweezers. Whole content inside of the fertile eggs, including yolk, albumen, intact embryos, amniotic cavity, allantoic cavity, and extra embryonic cavity (Ohta and Kidd, 2001) , were detached from egg shells and transferred to sterilized plastic petri dishes (90 mm). Amniotic fluid was collected using 1 mL of disposable syringes in the amniotic cavity. We observed that the volume of amniotic fluid present was sufficient. Accompanied with the development at a late stage of hatch, the embryos started to consume the amniotic fluid orally (Kadam et al., 2013) . To avoid a steep decline in amniotic fluid swallowed by the pigeon embryos, subsequently, the procedure of in ovo feeding in this study was applied on d 13 of embryonic development.
The suitable injection length of feeding in pigeon eggs was confirmed through China ink injection, a staining method adopted by Ohta and Kidd (2001) . Before injection with ink, the blunt sides of the eggs were disinfected with ethylalcohol-laden swabs, and a pinhole was cut with sterile tweezers. Compartments of embryonic cavities were identified by candling, and the range of embryos floating up and down was monitored. Then 200 μL of ink, the optimum volume of feeding solutions recommended by Dong et al. (2013a) , were injected into the eggs with 1 mL of sterile disposable syringes. Immediately after injection, the eggshell and attached membrane were removed, and the injection site was visually observed. Three injection cavities were identified: amniotic cavity, yolk sac, and extra-embryonic cavity. Whole contents of the fertile eggs, as described above, were collected in a petri dish and subjected to ink injection examination. After application, we calculated the average distance from egg air to amniotic cavity as 20 mm to puncture the amniotic cavity and avoid hurting the embryos.
Preparation of Solutions for In Ovo Feeding
Crystalline L-arginine (purity > 98.5%), L-lysine (purity > 98%), and L-histidine (purity > 98.5%) in free base were obtained from a commercial company (BBI Life Sciences Corporation, Shanghai, China). The feeding solution was prepared according to the method reported by Bhanja et al. (2004) . Concentration of cationic amino acids in pigeon egg reported by Murphy (1994) was taken as a standard, as shown in Table 1 , to calculate the requirement of cationic amino acids in this study on the basis of egg weight. Then the amino acid mixture was dissolved in 200 μL of 0.75% sterile saline before injection. The feeding solutions were adjusted to 7.0 of pH by the addition of NaOH and nullified for the microbial count through a sterile filter. Prior to the in ovo feeding procedure, the solutions were warmed up to 30
• C in a water bath.
In Ovo Feeding Procedure
A total of 75 fertile eggs with viable embryos was randomly distributed to 5 treatments of 15 replicate eggs. The experimental groups, as shown in Table 1 , were composed of untreated control (control), a sterile buffered solution (0.75% saline), or a cationic amino acid mixture (> 98.5% purity crystalline L-arginine, > 98% purity crystalline L-lysine, and > 98.5% purity L-histidine) containing 0.1, 1, or 10% concentration (Conc.) on the basis of a relevant research (Bhanja et al., 2004) . The amino acid mixture was dissolved in 200 μL 0.75% of sterile saline prior to in ovo feeding, On d 13 of embryonic development, feeding solutions were inoculated into the amnion cavity with a 21 G needle through a pinhole made at the blunt end of the egg above the air space under laminar flow after disinfection with ethylalcohol-laden swabs. The injection length was 20 mm. After injection, the pinholes in the eggs were sealed with cellophane tape and returned to the incubator immediately. The procedure was conducted following the method as described above within one h while eggs were kept outside of the incubator.
Sample Collection
On d 16 of embryonic development, eggs were checked every 3 h to determine time of external pipping and hatching, and the hatching peaks among treatments were recorded (17.5 to 18.0 d for control, 17.0 to 17.5 d for buffered saline, 16.5 to 17.0 d for 0.1% Conc. group, 18.0 to 18.5 d for 1% Conc. group, and 18.5 to 19.0 d for 10% Conc. group, respectively). Immediately post hatch, the squabs were weighed prior to sacrifice for sample collection, and hatch weight (HW) was recorded. Organs of the head, brain, leg, liver, spleen, heart, lung, gizzard, proventriculus, small intestine, kidney, pancreas, and yolk were dissected, drained out of blood, and weighed. Proportions of the head, brain, leg, liver, spleen, heart, lung, gizzard, proventriculus, small intestine, kidney, pancreas to yolk-free hatch weight (YFHW) were calculated and expressed as g/g YFHW.
Statistical Analyses
A completely randomized block design was applied in this study. Data of body and organ weight were subjected to one-way ANONA in SPSS 20.0 software for windows (SPSS Inc., Chicago, IL). Tukey post-hoc tests were performed for multiple comparisons. The procedure of orthogonal polynomials for linear, quadratic, and cubic responses was utilized for injection effect determination. The correlation procedure of bivariates was performed to estimate correlation coefficients using Pearson product-moment correlation. The regression procedure of curve estimation was applied in determination of the regression model. A quadratic model, power function, or logarithmic function was decided, derived from the scatter diagram plot. Hatchability was determined as the proportion of hatched egg numbers to total fertile egg numbers (Bhanja et al., 2004) . Significant differences were found when possibility value (P-value) was less than 0.05.
RESULTS

Modification of In Ovo Feeding in Pigeon Eggs
After the eggs on d 12 and 13 of embryonic development were broken and embryo cavities were exposed, the volume of amniotic fluid in the amniotic cavity was examined, as in Figure 1 . 0.70 mL of amniotic fluid and 0.75 mL of the same were collected on d 12 and 13 of embryonic development, respectively. We observed that the volume of amniotic fluid present was sufficient when compared to the stage when embryos started to swallow the amniotic fluid orally. Consequently, the optimum time of in ovo feeding was on d 13 of embryonic development.
After the ink-injected eggs were cracked, the accurate site of ink injection and deposition was examined visually, as in Figure 2 . The injection site that punctured the blunt side of the eggshell and attached membrane in the air cavity is illustrated in Figure 2A . The deposition sites in the amniotic cavity (Figure 2C ), extraembryonic cavity ( Figure 2D ), and yolk sac ( Figure 2E) , respectively, were confirmed in comparison to the control eggs without ink injection ( Figure 2B ). The suitable injected distance to reach the amniotic cavity safely was identified as 20 mm by candling the floating range of embryos under the current conditions. 
Hatchability
Hatchability of fertile eggs was 78% for controls, 89% for fertile saline, 67% for 0.1% Conc., 67% for 1% Conc., and 56% for 10% Conc., respectively.
Hatch Weight
Levels of HW and YFHW were improved by all in ovo feeding treatments as compared to the control group (Table 2) . Proportions of YFHW to HW (YFHW/HW) in all in ovo feeding treatments were increased significantly (P = 0.02) relative to control (Table 2) . A quadratic effect (P = 0.01) was observed in YFHW/HW with the response to cationic amino acid feeding, and a maximized level of YFHW/HW was observed in the 1% Conc. treatment (Table 2) .
Organ Developments
Proportions of the heart (P = 0.01) and kidney (P < 0.01) weight to YFHW were higher in all in ovo feeding treatments compared to the control (Table 3) . Quadratic effects in the heart (P = 0.01) and kidney Control is the non-injected treatment; buffered saline is 0.75% sterile saline; Conc. = concentration. All the in ovo feeding test cationic amino acids were dissolved in buffered saline.
a-c Means within a column with different superscripts are significantly different (P < 0.05).
(P < 0.01) relative weights were observed in response to increased feeding levels of cationic amino acids, with levels of those weights in 1% Conc. being the predominant (Table 3) . Proportions of the liver (P = 0.01) and small intestine (P = 0.03) weights to YFHW increased significantly after in ovo feeding (Table 4) . A quadratic (P = 0.02) effect was observed in the liver relative weight, and the response of liver relative weight to in ovo feeding was maximized in 1% Conc (Table 4 ). Both linear (P = 0.02) and quadratic (P = 0.05) effects were observed in the relative weight of the small intestine as the in ovo feeding levels increased (Table 4) .
Correlation of Hatch and Organ Weights
With the embryonic development, weights of the head and leg were positively correlated with YFHW strongly (correlation coefficient > 0.8, P < 0.01), and that of the heart, lung, kidney, proventriculus, pancreas, liver, and small intestine were positively correlated with YFHW (0.4 < correlation coefficient < 0.7, P < 0.01) (Table 5). The yolk was positively correlated with HW (correlation coefficient = 0.621, P < 0.01) ( Table 5) . A poor correlation relationship was observed in the brain, spleen, and gizzard (correlation coefficient < 0.3, P > 0.05) ( Table 5 ). In addition, regression analysis on organ and body weight was performed, as in Table 6 .
DISCUSSION
Modification Procedure for In Ovo Feeding in Pigeon Eggs
There has been a broad prospect of in ovo feeding with nutrients in poultry eggs to accelerate the posthatch development of the neonates. However, the application in pigeon eggs is reported rarely. Compared with the size and weight of chicken eggs, those of pigeons are much smaller and lighter, and, thus, it is of great necessity to modify the procedure of in ovo feeding in pigeon eggs. Salahi et al. (2011) reported the best in ovo injection time in broiler eggs may be at 453 h of incubation. It was the ideal time when embryonated eggs were transferred from the setter to the hatcher at d 18 of embryonic development, and to administer nutrients in an in ovo feeding program (Kadam et al., 2013) . As for pigeons, a previous trial reported by Dong et al., (2013a) supervised the amniotic volume during d 14 and 15 of embryonic development and observed the amniotic volume was negligible by d 15 of embryonic development; therefore, the injection time was determined as d 14.5 of embryonic development. The in ovo feeding procedure is performed by delivering the nutrients into amniotic fluids. As a reference, we monitored the changes of amniotic volume in this study as well. To avoid the depletion of amniotic fluid consumed by the embryo orally at d 14.5 of embryonic development, we advanced the inspection time to d 12 and 13 of embryonic development (Figure 1 ) and found that the amniotic volume during this period was sufficient. Hence, the trial of in ovo feeding with cationic amino acids was carried out on d 13 of embryonic development, subsequently.
As is known, all parts of chick embryos are capable of high motility during the pre-hatching period (Hamburger and Oppenheim, 1967) , and the air space used for light candling is dislocated as the incubation stages proceeds (Romijn and Roos, 1938) . Ohta and Kidd (2001) performed the injection process of amino acids to amniotic cavity in broiler eggs with 19-mm needles vertically and identified the deposition of the amino acids by India ink injection. In avoiding of interference with the motility of the embryos, modifications with reference to location judgment of the amniotic cavity in pigeon eggs were conducted following the method depicted above. Results in Figure 2 reflected vividly that it was indispensable to monitor the motility of embryos by candling as the air space removed when identifying the accurate location of embryonic cavities. The average needle length to puncture the amniotic cavity under the current situation was 20 mm, as deposition site of China ink injection showed ( Figure 2C ). 
Hatchability
Hatchability decreased through in ovo feeding of cationic amino acids. Similar to the results in this research, Tahmasebi and Toghyani (2015) reported that in ovo injection of Arg and Arg + Thr significantly decreased (P < 0.05) the hatchability, whereas no such reduction was detected as compared with a sham. Unlike the obtained results in this study, Tangara et al. (2010) found that hatchability remained unaffected after in ovo feeding of 0.11% Arg dissolved in 0.35% NaCl. In addition, Foye et al. (2007) reported that no compromising impact on hatchability was determined in turkey poults when injecting a solution containing 0.7% Arg in 0.4% saline into the amnion. Generally, hatchability is affected by the in ovo injection site and time, depth of injection, and type of injection substance (Tahmasebi and Toghyani, 2015) . As such, a possible explanation for the decreased hatchability in this case might be due to the combination of technical procedure and substance used for in ovo feeding.
Hatch Weight
Pigeons are distinguished from precocial birds in many respects. Except for the less developed hatching state and indispensable parent-rearing pattern, the reproductive regime of adult pigeons is regulated on the basis of family unit, and during a reproductive cycle only 2 eggs are laid at a time, which appeals to great attention on the incubation and hatchling of pigeon eggs. Yanni (1969) observed a gradual decrease in pigeon egg weight during incubation, which consumed by the developing embryo and considered the eggs were of precocial type. When it comes to the precocial eggs, inadequate maternal micronutrients will inhibit embryo develop and aggravate embryo mortality (Vieira, 2007) . Al-murrani (1978) reported that the amount of available protein but not the amount of fat and water influenced growth during the last period of incubation. At this time, embryos suffer a low glycogen status, and they must rebuild glycogen reserve by gluconeogenesis from body protein to support survival (Ferket 2006) . It is a few d before hatch when the precocial embryos confront nutrition challenges, and the problem is prevalent in pigeon eggs as well.
The greater HW of all in ovo feeding treatments relative to control in the current study indicates that in ovo feeding may ameliorate egg nutrients and enhance posthatch growth performance by administration of exogenous nutrients into the amnion directly (Foye, 2005) . The results are in agreement with those reported by Foye et al. (2006) , who observed that the HW of all in ovo feedings with egg white protein (EWP) and HMB poults at hatch were significantly greater than controls, and the interaction of EWP × HMB was found as well. More specifically, changes in YFHW/HW were maximized at 1% Conc. This was vividly depicted by the increase in YFHW and YFHW/HW, and decrease in yolk weight, which implied that in ovo feeding of cationic amino acids may facilitate the utilization of yolk nutrient. If the benefits persist during post-hatch development, in ovo feeding may be an effective technique to alleviate the nutrition deficiency condition during the embryonic period and increase the market weight of pigeons.
Organ Developments
When injected with catinoic amino acid mixtures, relative organ weights (ratios to YFHW), including the heart, kidney, liver, and small intestine, increased significantly. These results were inconsistent with those observed by Bhanja and Mandal (2005) , who found no significant difference in weights of digestive organs and development of intestine and ceca between the d 7 and 14 injected groups and control during early stages of growth. The different results found in this study may be attributed to the method of nutrition delivery regarding the amino acid mixtures being transferred into amnion and consumed orally, implying that the in ovo feeding may contribute to enhance the capacity for intestinal nutrition absorption and promote organ development. Similar to changes of HW, eggs in 1% Conc. achieved the highest level of relative organ weight. The concentration was 2 times that reported by Bhanja et al. (2004) , who recommended 0.5% of total egg amino acid injection would increase the chick weight, in spite of 0.5% concentration being the highest level in their study. Hence. it is reasonable that 1% Conc. is the optimum concentration in this study.
Growth patterns of organs were estimated by correlation analysis of body and organ weights following the method of Chen et al., (2015) . Except for the brain, spleen, and gizzard, other organs (head, leg, heart, lung, kidney, proventriculus, pancreas, liver, and small intestine) were positively correlated to YFHW, and yolk was positively correlated to HW. When the data were subjected to function fitting, a quadratic model, power function, or logarithmic function was determined according to the scatter diagram plot. These results implied that the ontogeny of organs was diversified and not limited only to a linear model with that of embryos, and development patterns of those were special as well.
In conclusion, cationinc amino acid injection into amnion can improve the embryonic development, which may be mediated by the increment of relative organ weight.
